ABSTRACT-The geographical distribution of the African Tilapia Oreochromis mossambicus in Suriname is restricted to a narrow strip of land along the Atlantic coast. Within the coastal plain, O. mossambicus occurs in brackish lagoons, oligohaline canals, and shell-sand pit lakes. Physico-chemical characteristics and phytoplankton composition of representative Tilapia water bodies are described. Blue-green algae and fine flocculent detritus are dominant food items in the diet of the Tilapia, while Rotifera and microcrustacea are also important in the diet of larvae and juveniles. Intraspecific diet overlap among ontogenetic stages of the Tilapia did not differ significantly from 1, which means that these diets showed complete overlap. Interspecific diet overlap between the Tilapia and the indigenous armoured catfish Hoplosternum littorale were moderate or low. The results are discussed in relation to recent developments in the Surinamese fisheries and aquaculture sector.
INTRODUCTION
In 1955 the Fisheries Department of the Ministry of Agriculture introduced the African Tilapia Oreochromis mossambicus (Peters, 1852) in Suriname for aquaculture and for stocking natural water bodies (LIJDING, 1958) . The culture of O. mossambicus has never been a commercial success in Suriname, but populations stocked in brackish coastal plain waters expanded rapidly. However, until re cently the Tilapia was not fully accepted by the Surinamese people as a food fish and major fisheries on this species only developed in the 1980's, e.g., the fish eries of the Bigi Pan lagoon (RESIDA, 1985) . Three recent developments in the freshwater fisheries and aquaculture sec tor prompted the present investigations into the ecology and distribution of established populations of O. mossambicus in Suriname: 1) the collapse of the Tilapia fisheries at Bigi Pan, possibly related with a change in water quality from brackish to fresh, 2) the growing interest in the culture of the Red Tilapia (a hybrid of O. mossambicus χ O. hornorun), and 3) the decline in the supply of the popular armoured catfish Hoplosternum littorale (Hancock, 1828) (OUBOTER & MOL, 1994) and the suspected negative impact of the Tilapia on this catfish.
The Bigi Pan fisheries are de scribed by RESIDA (1985) . In the main fishing season during the dry months of September to December approximately 100 fishermen may be active in the Bigi Pan area. Tilapia is one of the major species in the catch and the harvest of this species may amount to 60.000 Kg month 1 . In the 1990's fishermen increas ingly began to disappear from the Bigi Pan area (pers. observations). Fishermen camps were deserted and the access ca nal to the lagoon silted up due to ne glected maintenance. VAN DER LUGT (in prep) shows that the water of the Bigi Pan slowly changed from brackish to fresh over the last decade. This change in water quality may have had a negative impact on the Tilapia stocks. In order to evaluate the effect of decreas ing salinity on the Tilapia more data on the water quality of Tilapia water bod ies in Suriname are needed.
Since the pioneering aquaculture trials with O. mossambicus in brackish water ponds at the Matapica plantation in 1956 and 1957 (LUDING, 1958 (OUBOTER & MOL, 1994) , the introduced Tilapia was thought to have a negative impact on the Kwikwi stocks. Suspicion of a predatory behaviour of Tilapia towards young Kwikwi was probably based on the misinterpretation of the mouth-breeding habit of the Ti lapia. However, both H. littorale (MOL, 1994) and O. mossambicus are limited in their distribution in Suriname to the young coastal plain and consequently asymmetric competitive interactions be tween the two species may have a nega tive impact on the H. littorale stocks. The ecology of H. littorale was studied by MOL (1993, 1994 , in press a, in press b), but data on O. mossambicus in Suriname are not available.
This paper describes the distribution of the Tilapia O. mossambicus in Suriname, the characteristics of its habitat, and the composition of its diet. The objective is to shed some light on the three Tilapia-related issues in the Surinamese fisheries and aquaculture sector outlined above.
MATERIALS & METHODS

Study area
Suriname is situated in the Neotropics between 2° and 6° North Latitude. The country can be divided into three zones ( Fig. 1 ): in the north the flat coastal plain, to the south of it the savanna belt, and the hilly interior on the Precambrium Guiana Shield. The coastal plain is covered with swamps, swamp forests and mangrove forests. The tidal influence is strong. The savanna belt is characterized by savannas and savanna forests on often very poor podzolic soils. The creeks draining this area are stained black by dissolved humic substances. They may be classified as black waters (terminology of SIOLI, 1950) . The interior covers three quarters of the country and is almost completely covered with tropical rainforest. Creeks and rivers draining the Guiana Shield principally carry clear water (HARIPERSAD-MAKHANLAL & OUBOTER, 1993) .
Distribution
The distribution of O. mossambicus in Suriname was studied based on specimens present at the National Zoological Collection of the University of Suriname (NZCS), our own collection data, and information of the Fisheries Department of the Ministry of Agriculture.
Water quality
We tentatively classified the water bodies where Tilapia were found into three groups: 1) brackish lagoons, 2) brackish or oligohaline canals, and 3) shell-sand pit lakes. Water samples were taken from representative water bodies and physico-chemical parameters were measured in the laboratory following standard methods (APHA-AWWA, 1976) . We only used data from the literature to supplement our analyses when the authors clearly stated that sampling and analysis followed APHA-AWWA directives.
Taking into account the importance of filamentous blue-green algae in the diet of Tilapias of the genus Oreochromis (MORIARTY, 1973; MORIARTY & MORIARTY, 1973; LOWE-McCONNELL,1982; PfflLIPPART & RUWET, 1982) we also collected samples of phytoplankton. Phytoplankton was studied with a Reichert Me FI1 inverted microscope and identified with keys in DESIKACHARY (1959) , GRÒNBLAD (1945) , HUBER-PESTALOZZI (1938 -1963 , PRESCOTT (1962), and WARD & WHIPPLE (1959) .
Diet analysis
We collected "larvae" (actually young juveniles according to the terminology of BALON, 1985) , juveniles and adults of O. mossambicus in an oligohaline canal (Boomskreek) and a shell-sand pit (Bakboord) near Paramaribo (Fig. 1) . Lar- vae were collected with seines in shallow water. The size of the larvae (10 mm TL; Tab. 5) shows that they had been released from the mouth-brooding female for no more than a few days (see BRUTON & BOLTT, 1975) . Juveniles (13-55 mm TL) were collected with seines in slightly deeper water than the larvae. Adults were collected by cast net in deep water. All specimens were preserved in 4% formalin and measured for total length, standard length, and gape of the mouth to the near est 0,1 mm. Fresh weight was determined to the nearest 0,1 mg for larvae and juve niles, and to the neatest 0,1 g for adults.
The alimentary tract was removed, measured to the nearest 0,1 mm, and opened under a dissecting microscope. The fullness of the stomach was estimated as 0, 5, 25, 50, 75 and 100% of a fully ex tended stomach. The stomach contents of larvae and juveniles were spread out on a 5x5 cm glass slide and exarnined system atically under a light microscope (lOOx and 400x). Food items were identified and their volume was estimated as a percentage of total stomach contents by deteirmning the amount of surface of the glass slide cov ered for each item. Estimated volume per centages were adjusted for stomach full ness in all further calculations (HYSLOP, 1980) . Frequency of occurrence was based on presence or absence of food items in the stomach and expressed as a percentage of all stomachs examined, including empty stomachs. The contents of the stomachs of adult specimens were spread out on a Petri dish and examined under a dissecting microscope following procedures described above for larvae and juveniles.
Food items were grouped into 18 categories. Detritus was defined as dead organic matter that has been altered in some way that renders it unlike its origi nal form (BOWEN, 1983) . We distin guished between coarse vegetative detritus which could be identified as detritus de rived from vascular plant matter and fine flocculent detritus with uncertain origin.
For calculations of diet overlap the following food items were grouped to gether as algae: Oscillatoria sp., Closterium sp., Euglenophyta and Bacillariophyceae. Also grouped together were microcrustacea: Cladocera, Copepoda and Ostracoda. The remaining food categories used in the calculations of diet overlap were: difflugiids, Rotifera, Nematoda and Oligochaeta, larvae of aquatic insects, aquatic insects, Gastropoda, terrestrial Arthropoda, fish scales, inverte brate cysts, seeds/spores/flottoblasts, fine detritus, coarse detritus, chitinous remains, vegetative plant matter, and a rest group. Data on the composition of the diet of H. littorale were taken from MOL (in press a). Diet overlap was calculated by Horn's index (KREBS, 1989) , which varies from 0, when diets are completely distinct (con taining no food categories in common), to 1 when diets are identical with respect to proportional food category composition. Statistical evaluation of overlap followed ZARET & SMITH (1984) . Although specimens of H. littorale (MOL, in press a) and O. mossambicus were not collected at the same locality and at the same point in time, the calculations of diet overlap pro vide a rough indication of the (lack of) similarity of the diets of both species.
RESULTS
Distribution and habitat
Oreochromis mossambicus occurs in the coastal plain, and is completely absent from the interior and the savanna belt (Fig.  1) . Within the coastal plain it is especially abundant in the northern part, the young coastal plain. Most collection localities are located north of the 1000 mg Cl V limit for fresh water (Fig. 1) . Table 1 shows physico-chemical characteristics of three types of water bodies in which O. mossambicus occurs. Brackish lagoons (e.g., the Bigi Pan) show large fluctuations in salinity, but CI concentrations below 1000 mg 1" 1 were not found. The action of wind over large areas of open, shallow water re sults in high concentrations of sus pended solids (silt). The phytoplankton is dominated by blue-green and green filamentous algae (Appendix 1).
In the oligohaline Boomskreek canal fluctuations in salinity followed the seasonal pattern of rainfall, although a tidal influence was also present. Up stream at Charlesburg road, CI concen trations in the Boomskreek were well below 1000 mg 1" 1 (Tab. 1), but we ex pect much higher CI levels downstream near the confluence with the Suriname river. The water was eutrophic with rela tively high Ν and Ρ concentrations, which may explain the large number of Euglenophyta in the phytoplankton samples (Appendix 1).
A third type of water body where healthy populations of O. mossambicus were found are shell-sand pits. These small lakes were created by man when shell ridges were excavated for the winning of shell-sand. The lakes were deep (up to 6 m), and the water was transparent and rich in Ca and Mg (Tab. 1). The CI concentration of the water was related to the distance of the lake to the ocean. The phytoplank ton of the shell-sand pits was charac terized by Euglenophyta and Scenedesmaceae, although filamen tous algae were also present (e.g., Oscillatoria) (Appendix 1).
Diet composition and diet overlap
Dominant food items in the diet of adult O. mossambicus were blue-green algae (Oscillatoria sp.) and fine flocculent detritus, while Rotifera (Brachionus sp.) and microcrustacea (Cladocera and Copepoda) were important in the diet of larvae and juveniles (Tab. 2). When the stomach contents of O. mossambicus are compared to those of H. littorale (Tab. 3) it is especially the complete absence of Nematoda and Oligochaeta (note the low frequency of occurrence of seta, Tab. 2), larvae of aquatic insects (e.g., chironomid larvae), insects and fishes that draws attention.
Intraspecific diet overlap among lar vae, juveniles and adults of O. mossambicus was high (0,844 on average) (Tab. 4). In fact pairwise diet overlap among ontogenetic stages of O. mossambicus did not differ significantly from 1, which means that these diets showed complete overlap. Within adult O. mossambicus, diets of specimens collected in the Boomskreek differed from diets of specimens of the Bakboord shell-sand pit with respect to the propor tion of fine detritus (90,2% and 12,5% respectively) and algae (4,6% and 50,0%). Table 5 shows that while the ratio of mouth width to standard length did not differ significantly among larvae, juveniles and adults, ontogenetic differ ences in the intestinal ratio (intestine length I standard length) were highly significant (ANOVA, p<0,0001). The relation between intestine length (IL (mm)) and standard length (SL (mm)) may be expressed by the equation: IL = - 84, 8 + 8, 5 SL (n=133; r=0, 992; p<0, 0001) . The ontogenetic change in the intestinal ratio may be related to a need for a relatively large digestive surface in order to sustain a fish volume that changes proportionally to SL 3 with food items that are difficult to as similate, like blue-green algae (MORIARTY, 1973) and detritus (BOWEN, 1981 (BOWEN, , 1982 .
Interspecific diet overlap between O. mossambicus and H. littorale was relatively high in larvae (0,706; Tab. 4), moderate in juveniles (0,565) and low in adults (0,314). Interspecific overlap among different developmental stages was moderate or low (Tab. 4). Table 5 . Selected morphological data (mean ± S. E.) on Oreochromis mossambicus in the coastal plain of Suriname. Ratio's were tested for normality; ANOVA was used to test for differences among developmental stages. O. mossambicus is an euryhaline species that is able to live and even repro duce in sea water up to 20.000 mg Cl Γ 1 (CHERVLNSKI, 1982; PHILIPPART & RUWET, 1982) . A map of the original distribution of 0. mossambicus in Africa (PHILIPPART & RUWET, 1982; their Fig. 2b ) shows that they occur in estuaries and lagoons along the coast of East Africa. In Suriname, O. mossambicus also seems restricted in its distribution to standing waters of the coastal plain (Fig. 1) . RESIDA (1985) 
Diet
Tilapia -Kwikwi interaction
The importance of blue-green al gae and fine, flocculent detritus in the diet of Tilapias of the genus Oreochromis is well-known after the classic studies of MORIARTY (1973) and Β OWEN (1980, 1981) . The ex tremely low pH of fluids in an actively digesting stomach (1,0-1,25) and the long intestine allow Tilapias to digest and assimilate these nutritional re sources (BOWEN, 1982) . Young juve niles ("larvae") of O. mossambicus (10,4 mm TL) already consumed large quan tities of Oscillatoria and fine detritus. Few fish species in Suriname are able to feed as herbivores or detritivores, and in this respect O. mossambicus may be thought of as "filling a vacant niche" in coastal plain water bodies.
The moderate to low interspe cific diet overlap between O. mossambicus and H. littorale indicates that competition for food is probably not strong, except possibly in larvae. However, larvae of both species are separated spatially, because H. littorale spawns in swamps (MOL, 1993, in press b) and O. mossambicus prefers open water spawning grounds (BRUTON & BOLTT, 1975) . Adult H. littorale have a short intestine (intesti nal ratio 1,4: MOL, in press a), with the larger posterior part structurally adapted to a respiratory function (HUEBNER & CHEE, 1978) . MOL (in press a) argues that H. littorale is probably not able to assimilate detritus, but accidently con sumes large amounts of detritus when foraging on benthic chironomid larvae and Oligochaeta. Does the decline in the supply of Kwikwi reflect a bad condition of the stocks or does an increase in fishing activities by anglers and a growing ru ral population force professional fisher men to travel long distances and reduce their Catch Per Unit Effort? More people are fishing the Kwikwi and the catch per fisherman is often not large enough to make it worth selling the fish at the markets. More research is needed if we want to evaluate the potential problem of overfishing and the effect of modern agricultural activities on the habitat and stocks of the Kwikwi.
